It is less known about miRNA3127-5p induced up-regulation of PD-L1, immune escape and drug resistance caused by increased PD-L1 in lung cancer. In this study, lentivirus was transduced into lung cancer cells, and quantitative PCR and Western blot were used to detect the expression of PD-L1. Then immunofluorescence assay was applied to detect autophagy, finally we explored the relationship between PD-L1 expressions and chemoresistance in patients. As a result, we found that microRNA-3127-5p promotes pSTAT3 to induce the expression of PD-L1; micro-RNA-3127-5p promotes STAT3 phosphorylation through suppressing autophagy, and autophagy could retaine pSTAT3 into the nucleus in miRNA-3127-5p knocked cells, and immune escape induced by elevated level of PD-L1 results in chemoresistance of lung cancer. In conclusion, microRNA-3127-5p induces PD-L1 elevation through regulating pSTAT3 expression. We also demonstrate that immune escape induced by PD-L1 can be dismissed by corresponding monoclonal antibody.
eventually develop acquired resistance and limited strategies are available to handle TKIs resistance. Novel and effective therapy for NSCLC is urgently warranted.
Although immune escape and increasement of PD1/PD-L1 would be accompanied by drug resistance in lung cancer, it is more commonly induced in tumour and normal cells by cytokines, especially IFN-c. 6 The complexity of PD-L1 expression has made it difficult to identify the specific PD-L1 expressing cells that contribute to escape from immune surveillance, which implies mechanistic and clinical importance for PD-L1 expression may stratify response of patients to anti-PD-1/PD-L1 immunotherapy. 7 Past attempts to resolve this dilemma have been inconclusive. In addition, PD-L1 on immune cells is expressed more frequently than that on tumour cells in patients with urothelial carcinoma and oesophageal squamous cell carcinoma, suggesting distinct extrinsic regulatory pathways are involved in tumour vs immune cell PD-L1 induction.
Previously, we have demonstrated that overexpression of miR-3127-5p significantly reduced NSCLC cells proliferation, migration
and motility in vitro and in vivo. 8 In view of monoclonal antibody (mAb) blockade of programmed death1 (PD-1) or its major ligand PD-L1 can provoke durable antitumour responses in some cancer patients and tumour-bearing mice. 9, 10 In this study, we will illustrate the following issues: (i) The relationship between miR-3127-5p and PD-L1; (ii) the specific mechanism of miR-3127-5p in regulating the expression of PD-L1; (iii) the effectiveness of PD-L1 monoclonal antibody on immune escape and drug resistance induced by PD-L1 up-regulation.
| MATERIALS AND METHODS

| Human samples
Human lung cancer and their corresponding non-tumorous tissues were collected at the time of surgical resection from 64 patients with non-small-cell lung cancer from April 2016 to October 2017 at the Department of Thoracic Surgery of the HuaDong Hospital Affiliated to FuDan University. Human tissues were immediately frozen in liquid nitrogen and stored at À80°C refrigerator. Except the IA patients, others will receive postoperative treatment, lung adenocarcinoma will receive EGFR-TKI or cisplatin-based regimens according to EGFR mutation, lung squamous cell carcinoma will receive cisplatin-based regimens. Generally, patients relapse within 3 months after the first course of chemotherapy is defined as chemoresistance; ≥3 months was sensitive. Signed informed consent was obtained from all patients and the study was approved by the Clinical Research Ethics Committee of FuDan University.
| Cell culture and regents
Human non-small-cell lung cancer cell lines (A549, NCI-H1299) cells were purchased from the Cell Resource Center, Shanghai Institute of Biochemistry and Cell Biology at the Chinese Academy of Sciences.
Cells were maintained at 37°C in a humidified air atmosphere containing 5% carbon dioxide in RPMI1640 supplemented with 10%
FBS. Rapamycin (R0395), and wortmannin (W3144) were purchased from Sigma.
| RNA extraction and quantitative real-time PCR
Total RNA was extracted from cultured cells using the Isolation Kit (Ambion; Life Technologies), and from formalin-fixed and paraffinembed normal and human lung cancer specimens using the Recover All Total Nucleic Acid Isolation Kit (Ambion; Life Technologies).
cDNA was synthesized from total RNA with specific stem-loop primers and the TaqMan Reverse Transcription Kit (Applied Biosystems;
Life Technologies).
The sequences of the primers were as follows:
GAPDH was used as an internal control and amplified with forward primer:
Reverse primer: 5 0 -GGCTGTTGTCATACTTCTCATGG-3 0 .
| Deep sequencing
Genomic DNA and RNA was isolated using RNeasy Kit (Qiagen) according to manufacturer's instructions. RNA was reverse transcribed using Omniscript reverse transcriptase (Qiagen). Coding genomic sequences and cDNA of STAT3 were amplified and purified using the QIAquick PCR purification kit (Qiagen 
| Western blot analysis
According to standard Western blot procedures, briefly, proteins were separated by 8% SDS-PAGE and then transferred to nitrocellulose membrane (Bio-Rad). After blocking in 5% non-fat milk, the membranes were incubated with the following primary antibodies:
rabbit anti-PD-L1 monoclonal antibody (mAb; 1:100; Abnova), mouse anti-GAPDH mAb (1: 10 000; Sigma). The proteins were visualized with enhanced chemiluminescence reagents (Pierce).
| Virus packaging and infection
The fluorescent lentiviral vectors pLenti-III-mir-blank, pLenti-III-mir-3127-5p and pLenti-III-mir-3127-5p-off were purchased from 
| Flow cytometric analysis
Cells were collected by trypsinization and washed with ice-cold PBS.
The cells were then stained with PE-labelled anti-PD-L1 mAb (29E. 
| Immunofluorescence (IF)
Cells were fixed with 4% formaldehyde, permeabilized with 0.2% Triton and blocked with 2% BSA for the indicated times. Next, the prepared cells were stained with anti-STAT3 (1:100), anti-pSTAT3
(1:100), anti-LC3 (1:100) at 4°C. The next day, the cells were incubated with FITC-conjugated secondary antibody for 1 hour, and then observed under a fluorescence microscope. To label the nuclei, cells
were counterstained with 4 0 , 6-diamidino-2-phenylindole (DAPI, Invitrogen) and were visualized using a confocal microscope.
| Microscopy
Cells were plated at low confluence in 12-well plates (50 000 cells/ well). On day2, cells were exposed to serum starvation (0% FBS), normal medium (10% FBS), or chloroquine (50 mmol/L) for 24 hours. Alexa Fluor-555 secondary antibodies diluted in 1% normal goat serum in PBS were added for 1 hour at ambient temperature. Cells were fixed using Vectashield hard set mounting medium containing DAPI dye (Vector Laboratories). Images were acquired using confocal microscopy (Olympus FV-1000) and overlaid using ImageJ. 
| Preparation of human peripheral blood T cells
| Cell viability assays
Cell viability reagent functions as a cell health indicator using the 
| Statistical analysis
Data were shown as mean AE SD unless otherwise noted, the Student's t test was used for statistical analysis, and all statistical analyses were performed with the SAS 9.4 software. P values were shown 2-sided, statistical differences at P < .05 were considered to be significant. Graphical displays were prepared using Graph Pad Software (Graph Pad Software, Inc, La Jolla, CA, USA) to show the distributions of expression.
| RESULTS
| MicroRNA-3127-5p induces the up-regulation of PD-L1
MicroRNA-3127-5p-lentiviruses were transduced in human NSCLC A549 and H1299 cells. We found that the expression of PD-L1 was induced by exogenous miRNA-3127-5p in transduced A549 and H1299 cells. In contrast, the expression of PD-L1 was significantly TANG ET AL.
| 3849 suppressed when miRNA-3127-5p was knocked ( Figure 1A,B) . Furthermore, the induction of PD-L1 by miRNA-3127-5p was further Figure 4A ). To further demonstrate the regulative mechanism, we examined the expression and distribution of p-STAT3. As shown in Figure 1A ,B the expression of p-STAT3 increased in miRNA-3127-5p transduced lung cancer cells compared with knocked and empty vector control. hEGF as an exogenous stimulus, 300 ng/mL for half an hour, the expression of pSTAT3 increased significantly after stimulation. Immunofluorescence showed that pSTAT3 was significantly increased in the miRNA-3127-5p transduced cells and mainly distributed in the nucleus. Therefore, we speculated that microRNA-3127-5p promotes pSTAT3 to induce the expression of PD-L1.
| MicroRNA-3127-5p activates STAT3 phosphorylation through suppressing autophagy
To explain this contradictory conclusion, we detect the autophagy phenomenon in miRNA-3127-5p transduced and knockout A549 cells. Serum starvation for 24 hours augmented autophagy in control cells as expected. As a result, we found that autophagy weakened in miRNA-3127-5p transduced cells compared with knocked down (Figure 5 ). To further validate the autophagic flux, we assessed the autophagy activity by measurement of the microtubule-associated protein light chain 3 (LC3) as well as p62 protein level. As a result, LC3 increased in miRNA-3127-5p knocked down cells, whereas, the degradation protein of p62, an adaptor protein which serves as an autophagy receptor targeting ubiquitin proteins to autophagosomes for degradation; decreased significantly, indicating an enhanced autophagic flux (P < .001, Figure 6A ).
To further examine whether activation of autophagy would suppress STAT3 phosphorylation or inhibiting of autophagy would activate STAT3 phosphorylation, we administered rapamycin which induces autophagy by inhibiting the mammalian target of rapamycin (mTOR) and Wortmannin which inhibits autophagy to cells. As a F I G U R E 1 A, PD-L1 increased significantly in exogenous miRNA-3127-5p transduced A549 and H1299 cells. In contrast, the expression of PD-L1 was suppressed significantly when miRNA-3127-5p was knocked (P < .01); the expression of p-STAT3 increased in miRNA-3127-5p transduced A549 and H1299 cells compared with knocked and empty vector control (P < .01), however, the expression of STAT3 did not change obviously. B, qPCR shows that PD-L1 increased significantly in miRNA-3127-5p transduced A549 cells and H1299 cells (* represents P < .05; ** represents P < .001) result, when the miR-3127-5p transduced cells were treated with autophagy activator rapamycin, the expression of LC3 increased and the expression of p62 and pSTAT3 decreased significantly (P < .001, Figure 6B ). When the miR-3127 knocked down cells were treated with the autophagy inhibitor wortmannin, the expression of LC3 decreased, the expression of p62 and pSTAT3 increased significantly (P < .001, Figure 6C ).
Previously, frequent mutation of receptor protein tyrosine phosphatases (PTPRT) has been reported and provided a mechanism for STAT3 hyperactivation in head and neck cancer, so we also detected the mutation of PTPRT in human lung cancer cells, and did not find the same result as in head and neck cancer. Therefore, we elicited the conclusion that microRNA-3127-5p promotes STAT3 phosphorylation through suppressing autophagy, and autophagy could retaine pSTAT3 into the nucleus in miRNA-3127-5p knocked cells.
| Up-regulation of PD-L1 induces immune escape resulting in lung cancer chemoresistance
As PD-L1 plays an important role in immune evasion, we further val- We further examined the expression of PD-L1 in lung cancer tissues and A549/DDP cells (Cisplatin-resistant human lung cancer cells), and found that PD-L1 was up-regulated significantly in patients who are chemoresistant (P < .001, Figure 7C ), the characteristics are shown in Table 1 , and the expression of PD-L1 in A549/DDP cells was higher than that of A549 cells and A549-miR-3127-5p transduced cells, A549-miR-3127-5p knocked down cells (P < .001, Figure 8A ,B,C). Therefore, we reached the conclusion that up-regulation of PD-L1 induces immune escape resulting in lung cancer chemoresistance. cancer by activating autophagy via up-regulation of ULK1 phosphorylation. 18 On the basis of these reports, we found that: (i) phosphorylation and autophagy are closely related in various cancers; (ii) it is intended that decreasing autophagy induced and improved phosphorylation in colon cancer and lung cancer, whereas it is also reported that decreasing phosphorylation could induce autophagy. In this study, we F I G U R E 5 Autophagy weakened in miRNA-3127-5p transduced cells compared with knocked down
was not significantly altered in the miRNA-3127-5p transduced A549 cells, and hEGF as an exogenous stimulus, 300 ng/mL for half an hour, there is still no change after hEGF stimulation. Immunofluorescence showed that STAT3 mainly distributed in the cytoplasm. B, Immunofluorescence showed that p-STAT3 increased significantly in miRNA-3127-5p transduced A549 cells compared with knocked down and empty vector control. hEGF as an exogenous stimulus, 300 ng/mL for half an hour, the expression of pSTAT3 increased significantly after stimulation and mainly distributed in the nucleus TANG ET AL.
| 3853 F I G U R E 6 A, LC3 increased in miRNA-3127-5p knocked down cells, whereas, p62 decreased significantly in miRNA-3127-5p knocked down cells; B, when the miR-3127 transduced cells were treated with autophagy activator rapamycin, the expression of LC3 increased and the expression of p62 and pSTAT3 decreased significantly (P < .001); C, When the miR-3127 knock down cells were treated with the autophagy inhibitor wortmannin, the expression of LC3 decreased, the expression of p62 and pSTAT3 increased significantly (P < .001) F I G U R E 7 A-a, PD-L1 over-expressing A549 cell line induced by miR3127-5p inhibited T cell proliferation significantly; A-b, the cell lines could relieve suppressive effect on CD3 + T cells after blocking by anti-PD-L1 mAb. B, the expression of CD25 + was significantly up-regulated when PD-L1 was blocked by monoclonal antibody in A549 cells (P < .001), A549 knock down cells (P < .05), A549 transduced cells (P < .001). C, PD-L1 was up-regulated significantly in patients who are chemoresistant (P < .001)
found that the lower autophagy in lung cancer cells, the more obvious phosphorylation of STAT3; this coincides with previous reports, so we conclude that microRNA-3127-5p suppress autophagy activating STAT3 phosphorylation. However, autophagy is a part of cell self-protection mechanism, whether autophagy induced phosphorylation; or the opposite, still needs further verification.
Graham et al demonstrated that activation of the PD-1/PD-L1
immune checkpoint confers tumour cell chemoresistance associated with increased metastasis; 19 and Chen, et al also revealed that miR-424(322) reverses chemoresistance via T cell immune response activation by blocking the PD-L1 immune checkpoint. 20 So we intended to prove that whether PD-L1could lead chemoresistance in lung cancer and the effectiveness of PD-L1 monoclonal antibody on immune escape and drug resistance induced by PD-L1 increasing. As a result, we find that PD-L1 monoclonal antibody could retrieve chemoresistance obviously.
Whether PD-L1 antibodies can effectively against EGFR-TKI resistance which caused by EGFR secondary mutations or it is possible to delay EGFR secondary mutations? Whether the combination of PD-L1 with EGFR-TKI has a more obvious effect on lung adenocarcinoma patients with EGFR mutations, it is our future direction of study in this field. 
ACKNOWLEDG EMENTS
